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ABSTRACT 

This  report  covers  the  work  accomplished  during  die  first  quarter 
on  a  35  watt,  long-life,  reliable  traveling-wave  tube  anqilifier  for  use  in  aijpace 
communications  satellites.  Work  acconqiilished  on  the  mechanical  details  of 
the  circuit,  the  matching  sections,  collector,  and  electron  gun  are  described. 

Construction  details  of  the  first  beam  testing  structure  are  given. 
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PARTI 


1.0  PURPOSE 

Thii  program  la  a  three-year  research,  development,  ooBstr notion,  and  llie^sthiif 
program  for  a  long-life,  reliable  traveling -wave  amplifier  for  use  in  space  oomonmi- 
oations  satellites. 

2.0  GENERAL  FACTUAL  DATA 

2. 1  Related  Project 

Much  of  the  work  reported  in  this  and  subsequent  teolmioal  reports  is  the  result  of  ^fort 
sjqpended  on  similar  tube  type  oontraots;  1)  q)onsored  by  the  Navy,  udiioh  was  irtarlad  in 
Jamttury,  and  2)  sponsored  by  the  Air  Force,  which  was  oomsa eased  in  ThmwlHPe, 
in  an  eHort  to  obtain  an  effiolmit  develq;>ment  program,  all  diree  pro|praass  are  shnuRan- 
eously  coordinated,  with  a  free  exchange  of  engineers  and  teohnloians  between  die  various 
projects.  In  this  way,  each  project  is  able  to  benefit  from  the  results  of  die  other  programs. 

2.2  Program  Onaaiaation 

The  flret  month  of  diia  program  was  qpent  in  detailing  dw  program  orgmisatioo  for  dds 
contract.  It  is  clearly  evident  that  this  organization  is  necessary  for  a  program  of  this 
magnitude.  The  project  performance  and  schedule  is  inoludsd  in  the  baok  of  this  report. 

2.3  Clean  FsolUties 

A  number  of  vendors  for  clean  aaaembly  booths  have  been  omitaoted.  We  are  still  awaiting 
samples  of  varioua  units  for  evaluation.  These  units  should  arrive  very  riwrtly. 

3.0  r«TAIL  FACTUAL  DATA 

3.1  Eleotrlcal  Design 

3. 1. 1  General 

The  electrical  design  of  the  tube  aa  set  down  in  our  proposal  has  bem  Merited  and 
no  ohanfss  have  been  made.  Although  the  bsMs  veltafs  and  bMUB  pesrwr  may  be 
slightly  higher  than  are  regaired,  no  ehaagaa  have  baaa  aaais,  ahwa  dm  reeuita 
of  die  first  ooaaplttted  tdbe  will  aaawer  a  great  many  ipaigflons  auA  aa  ettcieacy, 
gain,  power  output,  and  the  various  problem  areas,  na  reeuita  of  ttis  flrat  tube 
will  then  provide  dm  first  stepping-stone  toward  the  prograais  objective. 

3. 1. 2  Helix 

Phase  measureasMds  <m  a  50  mil  ID,  60  TPl,  and  10  x  5  mil  tgpe  hriix  leased  to 
3  beryUia  wedge  supports  have  been  taken  and  are  shown  in  F%.  1.  Also  tkown 
on  die  figure,  is  the  dispersUm  curve  of  dm  saase  helix  siwpotted  by  Motkm  in 
3  unglased  alumina  wedges.  Above  diis  last  curve  is  dm  egps^sd  (tats  of  the  helix 
when  brazed  to  3  beryUia  wedges.  Cmmtruodonal  details  of  tihs  helix  assmUy  is 
discussed  later  in  this  report. 
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3. 1. 3  Couplers 

Much  effort  was  e]q;>ended  in  the  design  of  a  suitable  coupler.  Three 
courses  were  initially  investigated  and  are:  (1)  wavegui^  coupler  using 
an  antenna  to  exbhange  energy  between  the  waveguide  and  helix,  with  a 
cylindrical  ceramic  window  concentric  with  the  beam  and  helix;  (2)  the 
same  type  of  ooiq)ler  as  the  first  method  but  with  the  window  in  the  wave¬ 
guide:  and  (3)  coaxial  line  match  with  a  direct  pin  connection  to  the  helix 
with  the  window  in  the  coax. 

The  third  method  of  i^roach  has  been  partially  investigated  and  offers 
a  simpler  electrical  design  but  does  require  a  nu>re  difficult  mechanical 
design  problem,  which  has  not  been  solved.  The  other  disadvantage  of 
this  match  is  that  coax  to  waveguide  adapters  will  have  to  be  used  thus 
furdier  complicating  the  design  and  addibg  to  tlm  total  VSWR.  The  advantage 
of  this  type  of  match  allows  die  helix  to  run  at  a  differant  potential  than  the 
outside  b^.  ,  This  potential  difference  will  allow  operation  of  the  anode 
above  helix  potential  to  provide  an  ion  barrier  for  tito  cathode.  In  die  first 
two  methods,  the  antenna  must  be  securely  fastened  to  the  body  thus  requiring 
the  helix  and  body  to  operate  at  the  same  voltage.  This  meins  that  with  dw 
first  two  methods,  a  modulating  anode  is  mandatory.  As  described  in  die  gun 
section,  it  ^ipears  that  there  is  a  gun  design  which  will  allow  die  anode  to  be 
separated  from  the  pole  piece.  Therefore,  the  anteiwa  match  is  currently 
being  pursued  with  the  first  metlxid  receiving  the  highest  priori^. 

The  initial  antenna  match  used  silver  paint  to  establish  eleotrioil  contact 
between  the  various  cold  test  conqionents.  It  was  discovered  dud  the  silver 
paint  was  very  lossy  at  the  operating  frequency  hence  all  parts  were  remade 
and  were  brased  or  soldered  together.  The  ceramic  window  is  of  the  hiidt 
alumina  type  with  a  wall  thickness  of  .  020  inches  and  its  fragility  will  in  no 
way  weaken  the  entire  ddie  design.  This  is  because  the  window  will  be 
encased  by  the  waveguide  thus  providing  strength  and  support. 

The  coiqpler  program  was  sli|^tly  delayed  by  the  lack  of  helix  structures,  the 
reas<ms  for  this  are  given  in  a  later  section  of  this  r^rt.  Commencing  at 
the  beginning  of  the  next  quarter,  sufficient  helix  assendblies  will  be  avaihdile 
so  that  the  coiqiler  design  should  progress  satisfactorily. 
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3. 1. 4  Attenuators 

The  initial  tube  is  planned  with  attenuators  made  by  spraying  aquadag  onto 
the  helix  and  beryllia  wedges.  The  fixtures  for  mounting  the  helix  aaaembly 
in  the  spray  facilities  have  been  made  and  also  provisions  are  taken  to  have 
a  monitor  rod  in  which  continuous  ohmic  readings  of  the  carbon  deposition  will 
be  made.  The  necessary  electronic  eqa4>ment  for  the  measurementa  have  been 
asseiidt>led  and  are  currently  being  checked. 

As  menti<med  in  the  coupler  section,  preliminary  work  was  done  on  the  coaxial 
match.  The  results  of  diat  work  is  being  used  in  the  attenuator  program  durhag 
the  phase  that  the  loss  is  measured.  The  method  here  is  that  tiie  center  ctm- 
doctor  of  the  coax  will  extend  into  a  semi-circular  trou|d^.  Into  this  trou^ 
the  helix  with  the  loss  is  {daced  and  the  measurements  will  be  made.  Tbls 
technique  has  not  been  eiqperimentally  verified  but  the  residts  are  expeeted  in  the 
very  near  future. 

3. 1. 5  Collector 

The  first  two-stage  collector  design  has  been  completed.  An  assembly  drawing 
of  this  collector  is  shown  in  Fig.  2.  All  parts  and  tooling  for  this  collector 
have  been  made  and  are  awaiting  technician  time  for  assembly  to  a  beam  tester. 


3. 1.6 


Btron  Gun 


An  electron  gun  tester  was  built  with  multi-electrodes  to  act  as  the  focus 
electrode  and  tested  in  die  electron  beam  analyser.  Separate  leaito  were  atr 
tadtedtotoe  various  electrodes  so  that  the  poteidial  in  the  cathode  to  anode 
region  could  be  varied.  While  the  potentials  are  varied,  the  beam  profile  is 
examined  in  terms  of  beam  sise,  profile,  and  laminarity.  The  varisUes  in 
this  type  of  gim  design  are  die  catoode  convergence  angle  and  dte  anode  con¬ 
figuration.  Three  different  cathode  oonvergenoe  angles  of  50°,  45°,  ud  40° 
have  been  tried.  The  beam  convergence  varied  from  200  to  188.  In  the  48° 
oadiode,  the  perveanoe  was  1. 1  and  for  a  30  mil  beam,  the  beam  mMmmm 
occurred  at  0. 175  inch  awity  from  dm  anode  side  dmt  faces  toe  catoods.  Wito 
diis  beam  minimum  position,  it  will  be  posstole  to  iasulate  the  anode  Crmn 
the  magnet  pole-piece.  This  gun  will  be  tried  in  a  dc  beam  tester  for  beam 
transmission. 
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Fig.  2  -  AaMBnbty  drawing  of  the  first,  two-stage,  d^ressed  collector  design.  All  parts 
for  this  des^  have  been  made  and  are  awaiting  assembty. 
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Before  the  gun  can  be  made,  an  enlarged  verelon  of  the  multi-electrode 
gun  la  placed  in  a  tank.  Identical  vr^ltHiea  aa  diooe  naed  in  Hie  gim  teat  are 
then  idaoed  on  the  varioua  eleotrodea  and  the  potential  along  ihe  beam 
boundary  ia  plotted.  The  mtltl-eleotrodea  are  then  replMed  by  a  auitMile 
fooua  eleotr^  geometry  that  will  produce  the  aame  polmitial  along  the 
beam  boundary.  A  aecond  gun  with  Hiia  new  aingle  fOotm-eleotrode  ia  con¬ 
structed  and  tested  to  see  if  the  same  beam  is  produced. 

Concurrently  with  the  new  beam  tester  work,  another  cathode  wiHi  a  o<m- 
vergenoe  angle  of  38^  will  be  tried  in  an  effort  to  get  a  sli^tly  lower  area 
convergence. 

3. 1. 7  Magnet 

As  calculated,  the  eiqpected  magnetic  field  for  beam  focusing  should  be  about 
1400  gauss.  A  nuaaber  of  magnet  companies  have  bemi  omitaoted  in  reapeet 
to  obtaining  a  bowl  type  design  with  a  giq>  spacing  of  about  2. 5  inohea.  We 
have  not  received  any  reapmmes  to  our  request  for  quotations.  Theae  requests 
are  being  followed  throuf^  and  eiqiedited  by  our  Purchasing  Department  If 
quotations  are  not  received  in  a  reasonable  time,  we  will  request  help  from 
the  Advent  agency  in  this  matter.  It  is  inoperative  that  we  get  our  first  order 
out  and  find  out  what  problems  will  be  involved. 

3. 2.  Mechanical  Design 

3,  2. 1  General 


The  design  for  the  first  series  of  tubes  is  complete  and  a  majority  of  componmd 
subassendilies  have  been  successfully  braxed.  These  tubes  will  utilise  the 
gun  used  on  the  Navy  program  and  has  a  perveaaoe  of  1. 1  with  an  arM  oon- 
vergenoe  of  80.  The  ooUeotor  fnr  these  initial  tabes  are  singto  stags  type. 

A  Philips  cathode  will  be  used.  The  first  tube  will  be  a  beam  teiMer  aad  provide 
us  with  information  on  the  difficulty  of  focusing  the  beam.  More  tiaas  Hum  had 
been  anticipated  was  required  to  solve  two  of  the  problems  associated  with 
circuit.  One  beam  teating  tidm  was  completed,  it  oontahMd  all  the  eleamnts  of 
an  operating  tidie  witih  Hie  exception  of  Oe  helix  structure  and  wav^^uidM.  Thia 
beam  tester  is  in  the  process  of  rework  because  the  drift  tidie  became  dislodged 
from  the  Ube. 
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3.  2.  2  Helix  Aseemblv 

Helices  are  being  attached  to  the  BeO  support  wee^s  through  the  use  ot  a 
high  melting  point  glaze.  Unlike  the  round  rod  si^iports,  the  wet^es  require 
orientation  with  respect  to  the  axis  Of  the  helix.  The  centerline  of  the  wedge 
cross-section  must  be  aligned  so  that  its  extension  will  pass  through  the  axis 
of  the  helix.  If  this  is  not  done,  the  constraining  forces  exerted  by  the  copper 
body  on  the  wedges  will  have  a  tangential  coiiq)onent  which  will  cause  the 
we^  to  rotate  thus  breaking  the  glaze  and  destroying  the  structure. 

The  design  of  the  holding  fixture  required  to  maintain  this  oritlcal  alignmmit 
while  heating  the  Jig,  stqpport  wedges,  and  helix  to  over  1000%  required 
more  tinae  than  had  been  anticipated.  Several  stepe  were  reared  to  evolve 
a  completely  suitable  design.  Each  of  these  steps  required  form  grinding 
in  molybdenum  to  very  close  tolerances,  thereby  noaklng  the  tinae  to  design, 
build,  and  evaluate  each  design  long.  Parallel  effort  could  not  be  used  fruit¬ 
fully  so  delay  in  the  program  was  esqMrienced. 

The  final  system  which  was  developed  produces  very  good  structures  with 
a  minimum  of  operator  skill  required.  A  picture  of  one  of  die  helix-wedge 
sidiassemblies  is  shown  in  Fig.  3.  Figure  4  gives  another  view  of  die  wedge- 
helix  assembly  after  being  inserted  into  a  copper  barrel.  This  copper  Jacket 
did  not  have  formed  grooves.  The  picture  illustrates  the  support  technique 
used  and  gives  a  view  of  the  wedge  cross-section. 

At  the  same  time  the  glazing  problem  was  being  solved,  tooling  to  produce 
the  copper  tiiiing  used  to  oonstr|^  the  helix-wedge  qrstem  was  beia^  developed. 
The  oo|^r  tubing  required  .  030*  radius  grooves  approximately  .  wf  imap, 
spaced  120O  apart  to  provide  a  matching  surface  for  the  side  at  dm  BeO  wedge 
opposite  die  helix.  Since  this  intersection  nnist  transmit  heat,  more  dian  a  line 
contact  was  desired,  and  die  above  requirement  for  die  Inside  of  the  copper 
body  was  estMilished. 

A  variety  of  machining  operatimis  were  tried,  but  none  at  them  were  oapslde 
at  providing  the  desired  surface  fini^  and  dderances.  The  first  sutddde 
bodies  were  suds  Ity  eleotroforasiag  copper  over  mantbrels  mads  by  Mtrudiag 
aluminum  throui^  dies  of  the  proper  cross -section.  In  Augv^  tMivery  was 
made  on  the  broaches  idiich  provi^  the  most  satisfactory  and  economical 
solution  to  the  problem. 
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Fig.  3  -  A  50  TPI  tape  helix  with  an  0,  050  inch  inside  diameter  supported  by  BeO 
wedges.  The  tape  helix  is  10  x  5  mil  molybdenum  and  the  BeO  wedges  are  made  from 
60  mil  diameter  rods. 
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Fig  4  -  Helix  and  BeO  wedge  assembly  inserted  into  a  copper  barrel.  As  shown, 
the  copper  is  tangent  to  the  wedges,  in  final  form  the  contact  will  be  over  the  entire 
outer  arc  of  the  wedge 
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With  the  helix -wedge  subassembly  and  properly  shaped  barrels  available 
both  electrical  cold  test  and  heat  flow  tests  could  be  supported  with  suitable 
parts . 

An  evaluatory  rf  circuit  subassembly  is  shown  in  Fig  5  Each  of  the  ceramic 
windows  shown  will  be  exposed  to  a  gap  in  a  waveguide  to  provide  coupling  to 
the  helix 

The  picture  also  shows  the  soft  copper  sleeves  which  will  be  brazed  into  the 
pole  pieces  Through  these  sleeves  may  be  seen  the  tunnel  through  which 
the  electron  beam  must  be  focused,  as  shown  the  opening  is  larger  than  the 
helix  inside  diameter  to  allow  sufficient  clearance  to  allow  the  sleeve  to  be 
bent  slightly  in  aligning  the  helix  to  the  beam  during  operation  without  causing 
interception  on  the  flexible  section 

3  2  3  Beam  Tester 


One  beam  tester  was  built  late  in  the  quarter.  A  picture  of  the  beam  tester 
is  shown  in  Fig  6  The  copper  barrel  which  replaces  the  helix  has  a  050 
diameter  hole  through  it  to  simulate  the  helix  in-so-far  as  beam  behavior  is 
concerned  The  large  central  barrel  contains  the  copper  barrel  and  is  used 
for  alignment  The  gap  at  the  end  of  the  barrel  is  bridged  only  by  the  thin 
copper  sleeve  shown  in  Fig.  5  Three  rods  bridged  between  the  pole  pieces 
form  a  cage  about  the  simulated  rf  structure  In  each  end  of  the  three  rods 
adjusting  screws  may  be  seen.  These  will  be  used  to  move  the  axis  of  the 
helix  to  align  with  the  beam  axis  by  minimizing  the  helix  current 

The  pin  seal  on  the  large  barrel  allows  the  simulated  helix  to  be  electrically 
connected  to  allow  helix  current  to  be  measured  The  rf  windows  provide 
the  dc  isolation  required  since  they  are  not  bridged  by  an  antenna  as  they 
will  be  in  a  final  version  of  the  tube. 

3.  2  4  Heat  Flow  Tests 


Direct  measurement  of  the  temperature  rise  of  the  helix  when  supported  by 
the  BeO  wedges  in  the  copper  barrel  was  desired  Two  experiments  were 
run  to  develop  this  data 
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Fig.  5  -  A  possible  complete  rf  circuit  subassembly.  The  coaxial  ceramic  windows  will  be  inserted  into  a 
low  height  waveguide.  The  two  thin  -wall  sleeves  will  provide  a  flexible  connection  to  the  two  pole  pieces. 
The  main  body  is  shrunk  fit  to  a  BeO  wedge  supported  helix  subassembly. 
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Fig  6  -  Beam  tester  for  a  perveance  1. 1  gun  used  in  conjunction  with  a  50  mil  ID  structure.  The  piccure 
shows  the  adjusting  screws  which  allows  the  helix  section  to  be  aligned  with  the  electron  beam  after 
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The  first  of  these  utilized  cooled  connections  to  each  end  of  the  helix.  When 
heated  by  passing  electrical  current  through  the  helix,  the  required  data  should 
have  been  developed.  During  the  test  however,  some  turns  of  the  helix  became 
visibly  hot  while  the  others  remained  black.  The  explanation  lies  in  the  non¬ 
uniformity  of  cooling  Qua  to  minor  variations  in  the  glazing.  As  heating  occurred 
certain  turns  would  become  hotter  than  others;due  to  the  fast  change  in  electrical 
resistivity  of  molybdenum  with  temperature,  more  power  was  applied  to  these 
poorly  cooled  tiurns  further  increasing  the  temperature.  A  run-away  condition 
is  thus  established. 

Even  with  this  problem  about  150  watts  of  power  was  dissipated  in  a  section 
of  helix  about  one  and  one -half  inches  long.  Three  or  four  hot-spots  existed 
with  temperatures  about  900°C  measured  by  optical  pyrometer.  The  remainder 
of  the  helix  was  below  color  in  temperature.  This  test  obviously  did  not  provide 
definitive  results,  but  the  results  were  not  cause  for  rejection  of  the  siqpport 
system  either. 

The  next  test,  which  was  designed  to  eliminate  the  uneven  heating,  utilized 
electrons  released  from  a  heated  tungsten  wire  centered  in  the  helix.  By 
placing  a  dc  voltage  between  the  helix  and  the  emitter,  heating  of  the  helix  was 
obtained.  By  this  means  uniform  heating  may  be  assured. 

The  first  test  failed  after  getting  about  35  watts  dissipated  on  the  helix.  The 
emission  from  the  tungsten  emitter  used  was  too  low,  and  in  attempting  to  heat 
it  sufficiently  to  obtain  the  desired  power  level  the  emitter  was  lost. 

A  new  set-up  was  planned  vt^ich  will  use  a  larger  diameter  tungsten  wire  for 
the  cathode.  Also  a  thermocouple  will  be  attached  to  the  helix  to  allow  the 
helix  temperature  to  be  monitored  continuously. 

This  series  of  tests  are  important  since  the  heat  flow  through  the  interfaces 
formed  between  the  helix  and  the  BeO  support  and  between  the  BeO  and  the 
outer  copper  sleeve  does  net  lend  itself  to  calculation.  The  success  of  the 
tube  program  is  directly  related  to  obtaining  good  thermal  conductivity  from 
the  helix  to  the  outside  heat  sink. 

4, 0  CONCLUSIONS 

As  evident  in  the  preceding  sections,  the  work  accomplished  on  a  similar  tube  type 

supported  by  the  Navy  has  given  this  program  a  very  healthy  start.  Schedule  progress 
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appears  satisfactory  with  completion  of  the  initial  phase  of  the  various  tasks  aimed  to 
coincide  with  the  first  major  milestone  at  the  end  of  next  quarter.  This  milestone  is 
the  completion  of  the  first  rf  tube. 


PART  II 


5.  0  PROGRAM  FOR  NEXT  INTERVAL 

The  schedule  for  the  next  quarter  will  be  to  build  the  first  rf  tube.  To  accomplish 
this,  the  following  tasks  will  have  to  be  accomplished. 

1.  Complete  aquadag  attenuator  design. 

2.  Complete  preliminary  rf  coupler, 

3.  Test  and  evaluate  a  beam  tester  with  an  electron  gun  with  a  perveance 
of  1.  0  with  an  area  convergence  ratio  of  110  or  slightly  lai’ger. 

Concurrent  with  accomplishing  the  first  rf  tube,  the  depressed  collector  used  in  a 
beam  tester  will  be  evaluated.  Also,  the  magnet  procurement  and  design  will  have 
to  be  closely  monitored  so  that  no  delays  might  develop. 

A  schedule  for  the  second  quarter  is  shown  on  the  following  page. 

6.  0  IDENTIFICATION  OF  PERSONNEL 
6, 1  Engineers  assigned 

The  following  engineers  were  assigned  during  the  period  1  July  to  30  September  1961 
and  performed  the  hours  of  work  shown. 


C.  A.  Arnold 

238  hours 

Robert  Frost 

153  hours 

James  Long 

92  hours 

Lester  A,  Roberts 

120  hours 

George  Wada 

318  hours 

Total  921  hours 


Biographies  of  the  above  engineering  personnel  are  included  at  the  end  of  this  report. 
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♦  Use  best  design  at  this  point  to  construct  the  first  rf  tube. 

Initiation  of  work  on  this  phase  to  depend  upon  the  success  of  the  other  approach. 
Completion  of  first  rf  tube. 
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AD _ Accession  No. _ Unclassified  AD _ Accession  No, _ Unclassified 

Watkins-Johnson  Co  ,  Palo  Alto,  Calif,  Watkins-Johnson  Co,  ,  Palo  Alto,  Calif. 

Development  of  Traveling -Wave  Tube  1  Development  of  Development  of  Traveling -Wave  Tube  1  Development  of 

Amplifier  for  Space  Communication  Traveling -Wave  Amplifier  for  Space  Communication  Traveling -Wave 

Satellites  Tube  Amplifier  for  Satellites  Tube  Amplifier  for 
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